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1 Introduction
Mobile Transmit Diversity (MTD) technology has been trialled on the commercial HSUPA, UMTS, CDMA, and EVDO networks and system test bed. The major benefits of the MTD have been demonstrated, in the trials, with the ability to extend the uplink cell edge and to improve the data throughput wherever the uplink transmit power is limited (e.g., at cell edge). In addition, the MTD technology is also shown to improve the uplink capacity. 
This proposal presents the link simulation and HSUPA/UMTS field trial results those demonstrate the MTD benefit to the UE’s and to the HSUPA/UMTS networks.

With these benefits, the deployment of the MTD technology does not require to change any protocol/signalling Standards for UMTS/HSUPA. Nevertheless, some of the conformance test may need to be modified for testing the MTD UE since the MTD UE have two transmitter chains and two transmit antennas. The proposed modification on the affected conformance test will be presented through a separate contribution.
2. Simulation on MTD technology
The link-level simulation on the MTD gains is to predict the diversity gain at various mobile speeds and at different antenna spacing. We also used the simulation to investigate the SHO impact on the MTD gains. 
The simulation includes two transmit antennas on the mobile terminal, one or two base stations those have the fast power control mechanism, and the UMTS system delay on the uplink power control. In addition, the MTD algorithm is simulated to steer the beam (i.e., to minimize the mobile transmit power). The channel environment used in the simulation is “Urban Macro”, a standard spatial channel model from 3rd Generation Partnership Project (3GPP) [1]. The simulation software coding for the channel model is from MATLAB [2]. The antenna pattern for the 3-sector cells is simulated for the base station [1]. The antenna pattern (shown on Figure 1) of the antennas used in field trials was also incorporated into the simulation. Note that the MTD pattern is derived from the measured antenna pattern of the primary and the secondary antennas using the following formula, 
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G1 and G2 are the antenna gain on each direction.
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Figure 1  The antenna pattern of the antenna used in the field trials and the simulation
Fig. 2 shows the summary of the simulation results. We simulated the MTD gains at 4 different mobile speeds, 3, 10, 30 and 120 Km/h. Given the same condition for other parameters, the MTD gains monotonically decrease with the increasing speeds. 
Three antenna spacing of 0.5 λ, 0.3 λ, and 0.12 λ (λ is the wavelength) were simulated.  The larger antenna spacing (0.5 λ) yields the higher MTD gains at the relatively low mobile speeds. On the other hand, at the higher mobile speeds, the smaller spacing results in the larger MTD gain. 
The simulation used either one base station or two base stations. When the two base stations are used, their locations are arbitrary and with reasonably spacing for Soft Handover (SHO). SHO degrades the MTD gains only when the mobile at the relative lower speeds. 
The MTD gains averaged over all the simulated mobile speeds are between 3.8 to 4.0 dB in the single cell situation and around 3.4 dB with 2-way SHO. The degradation of the MTD gains, on average, by SHO is in the range of 0.4 to 0.8 dB for the various antenna spacing. These simulated MTD gains are higher than most of other 2X2 MIMO schemes’ (and antenna selection’s) simulation results [3], [4], [5].
Figure 2  Summary of the simulation results for MTD
3. Field trials of MTD technology on UMTS/HSUPA networks 

We have performed two field trials of MTD technology on UMTS/HSUPA networks. The first field trial was conducted on a UMTS system test bed in United Kingdom, while the second trial was on a commercial HSUPA network in USA.
3.1     Trial 1 on UMTS network
The objective of this field trial is to evaluate the performance of MTD technology on a UMTS network. The field tests include many UE performance tests and the system performance test (uplink capacity improvement test). However, we will focus the discussion on the diversity gains, the SHO impact on the diversity gains, and  the uplink capacity improvement.

The field trial was conducted on an UMTS system test bed, which consist of 4 Node B (base station). Each Node B is sectorized into three “cells”. Each cell is equipped with dual 65 degree, cross-polarization antennas. The system test bed is located in a suburban environment. The system test bed was equipped with one UMTS frequency carrier in Band I. We can turn on/off any cell to re-configure the test bed into a single cell or SHO environment. As many as 20 test locations are identified, based on the permitted parking space for doing testing. The antenna mounted on the data card is Planer Inverted F Antenna (PIFA). The primary and the secondary antennas are 4 cm (~ 0.3 λ) apart. 

The MTD gain measurements are conducted with two test units operating simultaneously. The two units (data cards) are set to 30 cm apart. One test unit operates in the single antenna configuration while the other one operates with dual antennas (diversity). All the tests were done inside the vehicle which provided the mobility to the 20 test locations and the capability of the driving test. For the UE performance tests, one vehicle carries with 2 MTD equipped data cards and 2 PCs is used. The uplink capacity test used 14 data cards (7 vehicles) to load the test cells cluster. The performance metrics of the two unit test (diversity gain) is based on the “energy per bit” (i.e., the UE transmit power normalized by the averaged data rate). Table 1 summarizes the field trial results for the MTFBD technology on the UMTS network.
TABLE 1
Field Trial Results on a UMTS system test bed

	 
	Test item:
	MTD gain

	  1
	Single Cell Static
	4.28 dB

	  2
	Single Cell Pedestrian
	3.01 dB

	  3
	Single Cell Driving
	2.71 dB

	  4
	Soft HO Static
	3.85 dB

	  5
	SHO Driving
	2.46 dB

	  6
	Uplink Capacity Gain 
	41%


Compared with the Single Cell test, the SHO Static and Driving shows little degradation on the diversity gain (within 0.5 dB). The overall impact from the soft HO on the MTD gains is statistically insignificant. The test results of the driving tests are close to the simulation results (Table 2, 0.3λ, 30 km/h) for both cases with and without SHO. Note that There is no simulation for Static test case. 
The field trial shows that the MTFBD technology improves the uplink capacity of 41% for the UMTS network. This capacity gain is very close to the results we obtained before for the cellular CDMA EVDO network (45%) and for the PCS CDMA voice network (42%). The capacity gain test was based on the measured ROT (noise Rise Over Thermal noise) at Node B. The detailed measurement setup and procedure can be found in [6]. The capacity test was done in the test cluster of 8 cells from 3 Node B.
3.2      Trial 2 on HSUPA network
This field trial is to address the MTD gains for the HSUPA feature, and verify the impact from on the MTD gains.
 The field tests were done on a commercial PCS band (1900 MHz) UMTS/HSUPA network in USA. The measurements were not categorized into single cell or SHO zones since we were not allowed to re-configure the commercial network. Nevertheless, we recorded the scrambling codes of the active sectored cells during the test. When the number of active scrambling codes is more than one, the radio is engaged SHO at that moment. The percentage of the time period for the test calls engaging SHO can be calculated. We then analyze the SHO impact on the MTD gains based on the SHO engagement.

Table 2 list the MTD gains measured at different type of tests. The MTD gain performance is essentially the same as the single cell case in the previous field trial. These trial results mix the SHO and non-SHO (single cell) cases. Nevertheless, the overall gain is equal to the simulation result (Table 2, 0.12λ, non-SHO and SHO cases).
TABLE 2
Field Trial summary on a HSUPA network

	
	Test Item:
	MTD gain
	Average over

	  1
	Static
	4.3 dB
	10 locations

	  2
	Pedestrian
	3.0 dB
	6 locations

	  3
	Vehicular
	2.6 dB
	3 driving routes

	  4
	Overall
	3.6 dB
	All test cases


We further analyze the data in detail, based on the collected active scrambling codes information, to find the SHO impact on the MTFBD gain. Table 3 lists the mean of the active cells and the percentage of time engaging SHO for each test case.
TABLE 3
SHO engagements for each test case

	Test location 
	Mean of active cells
	SHO percentage (%)

	
	Non-div.
	Div.
	Non-div.
	Div.

	Static 1
	1.12
	1.13
	11.5
	12.5

	Static 2
	1.00
	1.00
	0.0
	0.0

	Static 3
	1.56
	1.37
	51.8
	34.9

	Static 4
	1.08
	1.10
	4.9
	6.5

	Static 5
	2.07
	2.21
	83.2
	90.0

	Static 6
	1.00
	1.00
	0.0
	0.0

	Static 7
	1.73
	1.73
	70.0
	70.6

	Static 8
	1.33
	1.21
	33.4
	21.3

	Static 9
	1.03
	1.03
	2.2
	1.2

	Static 10
	1.03
	1.00
	2.3
	0.3

	Ped. 1
	1.00
	1.00
	0.0
	0.0

	Ped. 2
	1.66
	1.63
	48.3
	44.6

	Ped. 3
	1.00
	1.00
	0.0
	0.0

	Ped. 4
	1.00
	1.00
	0.0
	0.0

	Ped. 5
	1.47
	1.52
	46.8
	52.1

	Ped. 6
	2.71
	2.76
	99.1
	98.9


We separated the 10 static test cases evenly into two groups. One group of the 5 test cases experiences more than 11% of time engaging SHO during the tests. The other group experiences less than 6.5% of the time engaging the SHO for both diversity and single antenna (non-diversity) operations.  We then average the MTD gains over the test locations of the two groups separately. The averaged MTFBD gains are 4.3 dB and 4.0 dB for non-SHO group and SHO group, respectively. The difference is only 0.3 dB, which is consistent with the results of 0.4 dB from the previous field trial. 

For Pedestrian case, the averaged gain of the three single cell tests (no SHO at all) is 3.1 dB while the other three heavy SHO tests yield 2.9 dB. The difference is only 0.2 dB. These results indicate that the SHO has little impact on the MTFBD gains on Static and Pedestrian. For Vehicular case, we do not have a direct comparison on the gains with and without SHO since all the vehicular tests were engaged heavy SHO.

4. Conclusion
The simulation and field trials show that “mobile transmit diversity” provide relatively high diversity gains on UMTS/HSUPA networks and can also improve the networks’ uplink capacity. The deployment of the MTD technology does not require the change of the protocol/signalling Standards except of some of the conformance test. We will propose the modification of the affected conformance test setups and/or test procedures to RAN5 in a separate contribution.
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Circles are in the unit of dB
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